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[57] ABSTRACT

A deflection mirror is disposed before an X-ray mask so as
to reflect an X-ray beam and to project it to the X-ray mask.
The X-ray mask is disposed opposed to a wafer with a
distance D therebetween, and the X-ray beam reflected by
the X-ray mask is projected onto the wafer through a
reduction projection optical system. The deflecting mirror is
disposed, in an example, at a position satisfying a relation
D>L>d/(tan d1+tan 82) where L is the distance from the
X-ray mask to an edge of the deflection mirror closer to the
path of the X-ray beam reflected by the X-ray mask, d is the
width of irradiation of the X-ray beam upon the X-ray mask,
and 91 and 82 are incidence angles of the X-ray beam at
upper and lower edges of the irradiation width d,
respectively, upon the X-ray mask. This assures a compact
structure wherein, even when a wafer of a large diameter is
used, illumination light to the mask is not intercepted.

20 Claims, 11 Drawing Sheets
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X-RAY REDUCTION EXPOSURE
APPARATUS AND DEVICE
MANUFACTURING METHOD USING THE
SAME

FIELD OF THE INVENTION AND RELATED
ART

This invention relates to a reduction exposure apparatus
for printing, by reduction projection exposure, a pattern such
as a pattern for an LSI formed on a reflection type mask on
a wafer with the use of radiation such as X-rays.

For an enhanced degree of integration and a better opera-
tion speed of a solid device such as an LSI, further minia-
turization of a circuit pattern of a solid device has been
attempted. For formation of such a circuit pattern, reduction
projection exposure apparatuses using vacuum ultraviolet
light as an exposure light source are used widely. The
resolution of such an exposure apparatus mainly depends on
the exposure wavelength A and numerical aperture NA of the
projection optical system. In this respect, the resolution limit
has been extended by enlarging the numerical aperture NA.
However, because of a decrease in the depth of focus and
difficulties in the design and manufacture of a refraction
optical system, further improvement of the resolution limit
becomes very difficult. In consideration of this, attempts
have been made to shorten the exposure wavelength A. For
example, the exposure wavelength  has been changed from
g-line (h=435.8 nm) of a Hg lamp to i-line (h=365 nm) and,
then, to a KrF excimer laser (=248 nm). While the reso-
lution can be improved by using a shorter wavelength of
exposure light, because of a limitation in principle with
respect to the magnitude of a wavelength of ultraviolet rays
used for the exposure process, it is difficult to assure a
resolution not higher than 0.1 micron with a mere extension
of conventional technology.

In these situations, a lithographic method of X-ray reduc-
tion projection exposure using vacuum ultraviolet rays or
soft X-rays as an exposure light source has attracted notice.
FIG. 11 is a schematic view of an exposure optical system
of such an X-ray reduction exposure apparatus. In this type
of X-ray reduction exposure apparatus, as shown in FIG. 11,
vacuum ultraviolet rays or soft X-rays emitted by an X-ray
source 102 are reflected by a convexed-surface total reflec-
tion mirror 103 and a concaved-surface multilayered-film
reflection mirror 104, such that, as illumination light, the
reflected rays illuminate a reflection type mask 105. The
reflection type mask 105 is provided with a predetermined
pattern which is formed by a multilayered film effective to
regularly reflect vacuum ultraviolet rays or soft X-rays.
Vacuum ultraviolet rays or soft X-rays as reflected by the
reflection type mask 105 advance through a reduction pro-
jection optical system 106 and impinge on a wafer 107 as
exposure light, whereby a predetermined pattern is imaged
on the wafer 107.

The reflection type mask 105 and the wafer 107 are placed
on a mask stage and a wafer stage, respectively, both not
shown in the drawing. Since the wavelength of vacuum
ultraviolet rays or soft X-rays used for the exposure and
illumination is approximately 4 to 20 nm, the resolution, in
principle, determined with respect to the magnitude of the
wavelength of the exposure light, can be increased.

In the X-ray reduction exposure apparatus described
above, however, if a wafer of a large diameter is used such
as in a case when a circuit pattern for a semiconductor
memory device is to be produced, there is a possibility that,
in the stepwise motion of the wafer for printing of plural
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patterns, depending on the position of the wafer, the wafer
interferes with the path of light projected to the reflection
type mask. In order to avoid this, the wafer may be disposed
at a location far remote from the mask. With such a
disposition, however, the exposure apparatus has to be
considerably large in size. Particularly, the X-rays used in
such an X-ray reduction exposure apparatus are those in a
region called soft X-rays, and the whole or most of the
optical system has to be placed in a vacuum. An increase in
size of the apparatus, therefore, raises a serious problem
with respect to cost also. For these reasons, practically, it is
difficult to accomplish a mass-production division exposure
apparatus, which may be called a stepper, with the structure
that X-rays are projected from an X-ray source disposed
behind a wafer.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide an X-ray reduction exposure apparatus by which,
even if a wafer of a large diameter is used, interception of
illumination light to a mask is avoided with a simple
structure.

In accordance with an aspect of the present invention,
there is provided an X-ray reduction exposure apparatus for
reduction projection of X-rays, emitted by an X-ray source
and reflected by a reflection type mask, onto a wafer
disposed opposed to the mask, wherein there is a deflection
mirror effective to reflect the X-rays from the X-ray source,
before the mask, to and project them to the mask. The
deflection mirror may be, for example, disposed at a position
satisfying a relation D>L>d/(tan d1+tan 82) where L is the
distance from the mask to an edge of the deflection mirror
closer to the path of X-rays reflected by the mask, D is the
distance between the mask and the wafer, d is the width of
irradiation of X-rays upon the mask, 81 is the incidence
angle of X-rays at one end of the irradiation width d upon the
mask, and 82 is the incidence angle of X-rays at another end
of the irradiation width d upon the mask.

These and other objects, features and advantages of the
present invention will become more apparent upon a con-
sideration of the following description of the preferred
embodiments of the present invention taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view of an arrangement of an optical
system of an X-ray reduction exposure apparatus according
to an embodiment of the present invention.

FIG. 2 is a schematic view for explaining a positional
relation between an X-ray mask and a deflection mirror, in
the optical system shown in FIG. 1.

FIG. 3 is a schematic view for explaining a relation
between a path of projected light to an X-ray mask and a
path of reflected light from the X-ray mask, in an example
wherein the aperture angle of an optical system is taken into
account.

FIG. 4 is a schematic view for explaining further details
of the relation illustrated in FIG. 3.

FIG. 5 is a schematic view of arrangement of an optical
system of an an X-ray reduction exposure apparatus accord-
ing to another embodiment of the present invention.

FIG. 6 is a schematic view of an arrangement of an optical
system of an X-ray reduction exposure apparatus according
to a further embodiment of the present invention.

FIG. 7 is a schematic view for explaining the structure and
disposition of a deflection mirror in the optical system
shown In FIG. 6.
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FIG. 8 is a schematic view for explaining a positional
relation of the deflection mirror with the X-ray mask, in the
optical system shown in FIG. 6.

FIG. 9 is a flow chart of semiconductor device manufac-
turing processes.

FIG. 10 is a flow chart for explaining a wafer process, in
detail.

FIG. 11 is a schematic view of an optical arrangement of
a conventional X-ray reduction exposure apparatus.

DESCRIPTION OF THE PREERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described, in conjunction with the drawings. While
examples using soft X-rays as radiation will be explained
below, use may be made of vacuum ultraviolet rays.

FIG. 1 shows an arrangement of an optical system of an
X-ray reduction exposure apparatus according to an embodi-
ment of the present invention. The exposure apparatus
shown in FIG. 1 is adapted to perform reduction exposure of
s, and it is similar to the X-ray reduction exposure appa-
ratus shown in FIG. 11 in the points that an X-ray beam
emitted by an X-ray source 12 such as an undulator or a
synchrotron is reflected by a convexed-surface total reflec-
tion mirror 3 and a concaved-surface multilayered-film
reflection mirror 4, and that the X-ray beam 12 reflected by
a reflection type X-ray mask 13 advances through a reduc-
tion projection optical system 6 and impinges on a wafer 7.
The X-ray mask 13 and the wafer 7 are disposed opposed to
each other with a distance D between them. With such a
structure, the X-ray mask 13 and the wafer 7 are relatively
scanned at an appropriate speed by moving stages for
carrying them, by which a pattern in a necessary region of
the X-ray mask 13 is transferred to one of different shot
regions on the wafer 7. After pattern transfer to one shot
region, the wafer is moved stepwise and the pattern transfer
process is repeated to another shot region. Thus, through a
step-and-scan sequence, patterns are printed on the wafer.

An important feature of the X-ray reduction exposure
apparatus of this embodiment is that a deflection mirror 11
is disposed between the convexed-surface multilayered-film
reflection mirror 4 and the X-ray mask 13 such that the
X-ray beam 12 reflected by the reflection mirror 4 is
reflected by the deflection mirror 11 and then is projected on
the X-ray mask 13.

Referring to FIG. 2, the positional relation between the
X-ray mask 13 and the deflection mirror 11 will be
explained. In FIG. 2, d is the width of irradiation of X-ray
beam 12 upon the X-ray mask 13, 81 is the incidence angle
of the X-ray beam 12 at an upper edge of the irradiation
width d upon the X-ray mask 13, 82 is the incidence angle
of the X-ray beam 12 at a lower edge of the irradiation width
d upon the X-ray mask 13, and L is the distance from the
X-ray mask 13 to an edge of the deflection mirror 11 closer
to the path of X-ray beam 12 reflected by the X-ray mask 13.
The reflection angle of the optical axis of the X-ray beam 12,
from the X-ray mask 13, is the same as the incidence angle
01 or 82 to the X-ray mask 13.

As regards the optical system shown in FIG. 1, the whole
of it or most of it has to be disposed in a vacuum as described
hereinbefore. For reduction of the capacity of a vacuum
chamber, the deflection mirror 11 may desirably be disposed
at a position close to the X-ray mask 13. Also, in order to
prevent distortion of an image as reflected by the X-ray mask
13, the incidence angle 81 or 82 of the X-ray beam to the
X-ray mask 13 may desirably be smaller. However, if the
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deflection mirror 11 is provided while taking only such
conditions into account, the deflection mirror 11 may inter-
cept the path of X-ray beam 12 as reflected by the X-ray
mask 13.

Here, if the X-ray beam 12 projected to the lower edge of
the irradiation width d and the X-ray beam 12 reflected at the
upper edge of the irradiation width d intersect with each
other at a position spaced from the X-ray mask 13 by a
distance L', a relation

d/L'=tan 81+tan &2

follows. Thus, the deflection mirror 11 should be disposed at
a distance larger than the distance L'. From this, a condition

L>d/(tan 61+tan 82)

is determined. Namely, by disposing the deflection mirror 11
so that the distance L. from the X-ray mask 13 to the
deflection mirror 11 becomes larger than d/(tan d1+tan 52),
the deflection mirror 11 does not intercept the path of
reflection light from the X-ray mask 13.

On the other hand, if the deflection mirror 11 is disposed
at a distance from the X-ray mask 13 larger than the distance
from the wafer 7, similar to the case of a conventional X-ray
reduction exposure apparatus, the wafer 7, when moved,
may interfere with the path of projection to the X-ray mask
13. In order to avoid this, the deflection mirror 11 may well
be disposed at a distance to the X-ray mask 13 shorter than
the distance to the wafer 7. Thus, a condition D>L is
determined.

Namely, by disposing the deflection mirror 11 at a posi-
tion that satisfies the above-described two conditions, that is,
a relation

D>L>d(tan dl+tan 82),

it is possible to accomplish an X-ray reduction exposure
apparatus wherein, even it a wafer 7 of a large diameter is
used and the exposure process is performed while moving
that wafer, the path of X-ray beam 12 is not intercepted by
the deflection mirror 11 or the wafer 7. Further, since the
deflection mirror 11 is disposed between the X-ray mask 13
and the wafer 7 as easily seen from the above-described
relation, the size of the apparatus is not enlarged.

Particularly, on an occasion when the X-ray beam 12 is
projected on the X-ray mask 13 in the form of parallel light
and thus 81=02=9, the deflection mirror 11 may be disposed
at a position satisfying a relation

D>L>d(2 tan d).

In a particular example, the distance D between the X-ray
mask 13 and the wafer 7 was 800 mm, and the irradiation
region of the X-ray beam 12 upon the X-ray mask 13 was of
a slit-like shape with a width d of 25 mm and a length of 200
mm. The incidence angles 61 and 92 of the X-ray beam 12
to the X-ray mask 13 were equal to each other, at the upper
and lower edges of the irradiation width d, and 8-2 deg.
From this, it follows that d/2 tan 8=358 mm. Thus, the
deflection mirror 11 may be disposed at a distance L. from the
X-ray mask, within a range of 358 mm to 800 mm. In this
particular example, L=400 mm.

In the embodiment described above, particular note has
not been Paid to the angular aperture of the optical system.
Referring to FIGS. 3 and 4, a description will be made
regarding conditions for setting the deflection mirror with
the angular aperture taken into account. Here, the optical
system from the X-ray light source to the X-ray mask 13 is
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called an illumination system, and the optical system from
the X-ray mask 13 to the wafer is called an exposure system.
Also, in FIG. 3, 6 is the incidence angle of the optical axis
of the X-ray beam 12 onto the X-ray mask 13, ¢1 is the half
angle of the angular aperture of the illumination system, and
¢2 is the half angle of the angular aperture of the exposure
system. Usually, the angular aperture of the illumination
system is designed to be smaller than the angular aperture of
the exposure system.

As shown in FIG. 4, in an optical system of an exposure
apparatus, an X-ray beam 12 from an illumination system
with a certain aperture is projected onto an X-ray mask 13
with an angle 0 so that it is imaged upon the X-ray mask 13,
and the light emerging therefrom is collected with the
aperture of an exposure system (not shown) and is imaged
upon a wafer. In FIG. 4, denoted at 41 is a chief ray of the
X-ray beam 12, and denoted at 42 is the path of light from
the aperture edge of the illumination system. Denoted at 43
is the path of light to the aperture edge of the exposure
system. While an optical axis portion of the X-ray beam 12
is illustrated in FIG. 4, in the exposure apparatus, the
illumination light is projected to irradiate an X-ray mask
with a width d as has been described with reference to FIG.
2.

Details of this will be explained with reference to FIG. 3.
In FIG. 3, denoted at 31 and 33 are chief rays of the X-ray
beam 12 as projected to or emerging from the upper or lower
edge of the irradiation width d with which the X-ray mask
13 is illuminated. Denoted at 32 is the path of light at the
aperture edge of the illumination system, having an angle ¢2
with respect to the chief ray 31 projected to the lower edge
of the irradiation width d. Denoted at 34 is the path of light
of the aperture edge of the exposure system, having an angle
¢1 with respect to the chief ray 33 emerging from the upper
edge of the irradiation width d. In this example, the chief
rays 31 and 33 at the upper and lower edges of the irradiation
width d are approximately parallel to each other.

The X-ray beam 12 is reflected by the deflection mirror 11
and is projected on the X-ray mask 13 with an angle 6. The
chief rays 31 and 33 emerge with the same angle, and
through the exposure optical system, they are projected on
the wafer. Here, the distance L from the X-ray mask 13 to
one edge of the deflection mirror 11, closer to the X-ray
beam 12 as reflected by the X-ray mask 13, is restricted due
to the relation between the projected rays to the X-ray mask
13 and the emerging rays from the X-ray mask 13. More
specifically, considering the matter in accordance with what
has been described with reference to FIG. 2, when L' is the
distance between the X-ray mask 13 and the deflection
mirror 11 on an occasion when the X-ray beam 12 projected
to the lower edge of the irradiation width d intersects with
the X-ray beam 12 reflected at the upper edge of the
irradiation width d, the following relation results:

d/L'=tan(6-¢1)+tan(6-¢2).

Thus, by disposing the deflection mirror 11 within a range
satisfying a relation

D>L>d/{tan(0-¢1)+tan(6-¢2)},

it is possible to provide an X-ray reduction exposure appa-
ratus wherein, even if a large-diameter wafer is used and the
exposure process is performed while moving the wafer, the
path of X-ray beam 12 is not intercepted by the deflection
mirror 11 or the wafer, without enlarging the size of the
apparatus.

In a particular example, the distance D between the X-ray
mask 13 and the wafer was 800 mm, and the irradiation
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region of the X-ray beam 12 upon the X-ray mask 13 was of
a slit-like shape with a width d of 25 mm and a length of 200
mm. Also, the incidence angle of the optical axis of the
X-ray beam 13 onto the X-ray mask 13 was 4 deg., the half
angle ¢2 of the angular aperture of the illumination system
was 3 deg., and the half angle ¢1 of the angular aperture of
the exposure system was 2 deg. It follows therefrom that
d/{tan(6-¢1)+tan(6-¢2)}=477.3 mm, and it is seen that the
deflection mirror 11 may be disposed at a distance L. from the
X-ray mask, which is within a range of 477.3 mm to 800
mm. In this particular example, [.=500 mm.

Referring now to FIG. 5, another embodiment of the
present invention will be described. In this embodiment,
illumination light is projected to an X-ray mask 13 while
crossing an exposure optical system. In this embodiment, the
orientation of the deflection mirror differs from that in the
preceding embodiment, but the deflection mirror 11 is dis-
posed at a position satisfying a relation

D>L>d/(tan d1+tan 2)

where L is the distance from the X-ray mask 13 to an edge
of the deflection mirror 11 closer to the path of the X-ray
beam reflected by the X-ray mask 13. While not shown in
FIG. §, d is the irradiation width of the X-ray beam upon the
X-ray mask 13, 81 is the incidence angle of the X-ray beam
at the upper edge of the irradiation width d on the X-ray
mask 13, and 382 is the incidence angle of the X-ray beam at
the lower edge of the irradiation width d upon the X-ray
mask 13. Particularly, when the X-ray beam is projected on
the X-ray mask 13 in the form of parallel light and thus
01=02=9, the deflection mirror 11 may be disposed at a
position satisfying a relation

D>L>d/(2 tan ).

Since, in this embodiment, the X-ray source 2, convexed-
surface total reflection mirror 3, concaved-surface
multilayered-film reflection mirror 4 and reduction projec-
tion optical system 6 are similar to those of the FIG. 1
embodiment, a description therefor will be omitted here.

By disposing the deflection mirror 11 in the manner
described above, it is possible to provide an X-ray reduction
exposure apparatus wherein, even if a large-diameter wafer
7 is used and the exposure process is performed while
moving the wafer in accordance with a step-and-scan
sequence, the path of X-ray beam 12 is not intercepted by the
deflection mirror 11 or the wafer 7, without enlarging the
size of the apparatus.

Specifically, by disposing a deflection mirror so as to
satisfy a relation D>L>d/(tan dl+tan 92), as described
above, it is possible to accomplish a step-and-scan type
X-ray reduction exposure apparatus without enlargement of
the size of the apparatus, wherein, even if a large-diameter
wafer is used, light projected to a mask or light emerging
from the mask is not intercepted. Further, by disposing a
deflection mirror at a position satisfying a relation D>L>d/
({tan (6-¢1)+tan (6-¢2)} while taking an angular aperture
of the optical system into account, it is possible to set the
position of the deflection mirror more exactly.

FIG. 6 shows an arrangement of an optical system of an
X-ray reduction exposure apparatus according to a further
embodiment of the present invention. This exposure appa-
ratus is a step-and-scan type exposure apparatus and it is
adapted to perform reduction exposure of V5. Like numerals
as those of the preceding embodiments are assigned to
corresponding elements.

An X-ray mask 13 and a wafer 7 are disposed opposed to
each other with a distance D therebetween. With the struc-
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ture illustrated, the X-ray mask 13 is illuminated with a
slit-like beam, and the X-ray mask 13 and the wafer 7 are
relatively scanned at an appropriate speed. By repeating
such relative scanning followed by stepwise motion, images

of a pattern of the X-ray mask 13 are printed on the wafer 5

7 in a predetermined array. Here, the optical system from an
X-ray source 2 to the X-ray mask 13 is called an illumination
optical system, and the optical system from the X-ray mask
13 to the wafer 7 is called an exposure optical system.

An important feature of the X-ray reduction exposure
apparatus according to this embodiment is that a deflection
mirror 11 having cooling means is disposed between a
concaved-surface multilayered-film reflection mirror 4 and
the X-ray mask 13, such that X-ray beam 12 as reflected by
the reflection mirror 14 is reflected by the deflection mirror
11 and is protected on the X-ray mask 13. The illumination
light is protected across the exposure optical system.

The structure and disposition of the deflection mirror 11
will be described in detail, in conjunction with FIG. 7. The
deflection mirror 11 may comprise a multilayered-film plane
reflection mirror. It may be provided by depositing a hun-
dred ten (110) alternate layers of molybdenum and silicon
materials on a substrate, polished to remove surface rough-
ness. Due to such a structure, there may be produced a small
decrease or distortion in reflectivity in a peripheral portion
(of about a few millimeters) of the deflection mirror 11. In
consideration of it, such a portion is not used as a reflection
region. The X-ray beam 12 is set to be projected to the
region other than that portion. Further, in order to suppress
heat generation of the deflection mirror 11 in response to
irradiation with X-ray beam 12, a cooling unit 14 is mounted
on the bottom of the deflection mirror 11.

Here, as shown in FIG. 7, L is the distance from the X-ray
mask 13 to an edge of the deflection mirror 11 closer to the
path of X-ray beam 12 as reflected by the X-ray mask 13, a
is the distance from that edge of the deflection mirror 11,
functioning as a reference to the distance L, to the reflection
region for the X-ray beam 12, d is the width of irradiation
with which the X-ray mask 13 is irradiated with the X-ray
beam 12, 61 is the incidence angle of X-rays at one edge
(lower edge in FIG. 7) of the irradiation width d of the X-ray
beam 12 upon the X-ray mask 13, 82 is the incidence angle
of X-rays at the other edge (upper edge in FIG. 7) of the
irradiation width d, and v is the angle defined between the
reflection surface of the deflection mirror 11 and a normal to
the X-ray mask 13.

Referring to FIG. 8, if the distance from the X-ray mask
13 to an edge of the deflection mirror 11 on an occasion
when the edge of the deflection mirror 11 intersects with the
X-ray beam 12 emerging from the X-ray mask 13, is denoted
by L0, in order to avoid interception of the path of the X-ray
beam 12, it is necessary that the deflection mirror be
disposed at a distance larger than the distance L0. As shown
in FIG. 8, VL is a normal to the X-ray mask 13, passing the
center of the illumination region, yl is the distance from the
normal VL to the edge of the reflection region of the
deflection mirror 11, y2 is the distance from the normal VL.
to the edge of the deflection mirror 11, and x1 is a compo-
nent of the length a, in the direction of the normal, from the
reflection region to the edge of the deflection mirror 11.
Also, 81 is the incidence angle of the X-ray beam at one
edge of the X-ray mask 13, and 82 is the incidence angle of
the X-ray beam at the other edge of the X-ray mask.

Taking these distances into account, the following rela-
tions are derived:

X=axcos y

yl+y2=axsin y.
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Also,
yl+d/2=(L0-x)xtan 61
y2+d/2=L0xtan 2.
It follows from the above that:
LOx(tan dl+tan 82)=ax(sin y+cos yxtan 81)+d.

Thus, when the deflection mirror 11 is disposed at a distance
larger than

LO0={ax(sin y+cos yxtan 81)+d}/(tan d1+tan &2),

the deflection mirror does not interfere with the path of the
X-ray beam 12.

Further, as described hereinbefore, the deflection mirror
should be disposed at a distance to the X-ray mask less than
the distance to the wafer 7.

Thus, by disposing the deflection mirror at a position
satisfying a relation

D>L>10,

enlargement of the size of the apparatus can be avoided.
Also, since the reflection region of the deflection mirror 11
uses a portion being free from non-uniform reflectivity due
to machining distortion, for example, the X-ray mask 13 can
be illuminated uniformly.

When angular apertures of the illumination system and
the exposure system should be taken into account, as in the
embodiment described above, the deflection mirror 11 may
be disposed at a distance L which satisfies the following
relation:

D>L>{ax[sin y+cos yxtan (0-¢2)]+d}/{tan(6-¢1)+tan(0-¢2)}.

In a particular example, the distance D between the X-ray
mask 13 and the wafer 7 was 800 mm, the incidence angle
of the chief ray of the X-ray beam 12 onto the X-ray mask
13 was 4 deg., the angular aperture of the illumination
system was 6 deg., the angular aperture of the exposure
system was 4 deg., and the angle vy defined between the
reflection surface of the deflecting mirror 11 and a normal to
the X-ray mask 13 was 40 deg. for avoiding interference
with the mirrors of the exposure optical system. Also, as a
result of experimental measurement to the surface precision
of the deflection mirror and the reflectivity thereof to the
X-ray beam 12, a small distortion was observed at the
surface, in an outside peripheral region of a 10 mm width,
and non-uniformness of reflectivity was observed in that
portion. Then, the distance a from the edge of the deflection
mirror 11 to the irradiation region of X-ray beam 12 was set
to be equal to 12 mm. On that occasion, the right-hand side
term of the condition described above became equal to 628
mm. Since D was 800 mm, L. was set to be equal to 700 mm.

In accordance with the embodiment described above, it is
possible to provide a step-and-scan type X-ray reduction
exposure apparatus without enlargement of the size thereof,
wherein even if a large-diameter wafer is used, the projected
light to the mask is not intercepted and, additionally, the
mask can be illuminated uniformly.

Further, the addition of an X-ray beam deflection mirror
to the illumination system enables enlargement of the tol-
erance for the design of the incidence angle of the X-ray
beam to the exposure apparatus, such that the degree of
freedom of the layout is expanded. Particularly, when a
synchrotron is used as a radiation source, it is preferable that
a number of beam lines as much as possible are taken out,
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radially, from one synchrotron. However, increasing the
number of beam lines results in a decrease in the spacing
between adjacent beam lines. Thus, the expanded freedom
of design of the incidence angle of the beam line to the
exposure apparatus, attainable with the present invention, is
very effective to create freedom with respect to the setting
angle of each exposure apparatus. It is, therefore, possible
with the present invention to accomplish compact disposi-
tion of exposure apparatuses within a device manufacturing
factory.

Next, an embodiment of a device manufacturing method
using an exposure apparatus or exposure method as
described hereinbefore, will be explained.

FIG. 9 is a flow chart of the sequence of manufacturing a
microdevice such as a semiconductor chip (e.g., an IC or an
LSI), a liquid crystal panel, a CCD, a thin-film magnetic
head or micro-machine, for example. Step 1 is a design
process for designing the circuit of a semiconductor device.
Step 2 is a process for manufacturing a mask on the basis of
the circuit pattern design. Step 3 is a process for manufac-
turing a wafer by using a material such as silicon. Step 4 is
a wafer process which is called a pre-process wherein, by
using the so prepared mask and wafer, circuits are practically
formed on the wafer through lithography. Step 5 subsequent
to this is an assembling step which is called a post-process
wherein the wafer processed by step 4 is formed into
semiconductor chips. This step includes assembling (dicing
and bonding) and packaging (chip sealing). Step 6 is an
inspection step wherein an operability check, a durability
check and so on of the semiconductor devices produced by
step 5§ are carried out. With these processes, semiconductor
devices are finished and they are shipped (step 7).

FIG. 10 is a flow chart showing details of the wafer
process. Step 11 is an oxidation process for oxidizing the
surface of a wafer. Step 12 is a CVD process for forming an
insulating film on the wafer surface. Step 13 is an electrode
forming process for forming electrodes on the wafer by
vapor deposition. Step 14 is an ion implanting process for
implanting ions to the wafer. Step 15 is a resist process for
applying a resist (photosensitive material) to the wafer. Step
16 is an exposure process for printing, by exposure, the
circuit pattern of the mask on the wafer through the exposure
apparatus described above. Step 17 is a developing process
for developing the exposed wafer. Step 18 is an etching
process for removing portions other than the developed
resist image. Step 19 is a resist separation process for
separating the resist material remaining on the wafer after
being subjected to the etching process. By repeating these
processes, circuit patterns are superposedly formed on the
wafer.

With the device manufacturing method of this
embodiment, it is possible to produce a large-size device
with a lower cost.

While the invention has been described with reference to
the structures disclosed herein, it is not confined to the
details set forth and this application is intended to cover such
modifications or changes as may come within the purposes
of the improvements or the scope of the following claims.

What is claimed is:

1. An X-ray reduction exposure apparatus, comprising:

an X-ray illuminating optical system, comprising a curved

mirror, for illuminating a mask pattern of a reflection
type mask with X-rays, said X-ray illuminating optical
system further comprising a deflection mirror for
reflecting the X-rays from said curved mirror at a
position before the reflection type mask, and for direct-
ing them toward the reflection type mask; and
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an X-ray reduction projection optical system for
projecting, in a reduced scale, the mask pattern onto a
wafer disposed so that a surface thereof to be illumi-
nated is opposed to a reflection surface of the mask,

wherein said X-ray reduction projection optical system
and said deflection mirror are disposed in a space
between the surface of the wafer to be exposed and the
reflection surface of the mask.

2. An apparatus according to claim 1, further comprising
operation means for printing mask patterns on different
regions of the wafer in a predetermined array.

3. An apparatus according to claim 2, further comprising
stages for holding and moving the mask and the wafer,
respectively, and wherein said operation means comprises
means for performing a step-and-scan sequence using said
stages.

4. An apparatus according to claim 1, wherein said
deflection mirror has a reflection surface on which a multi-
layered film reflector is formed.

5. An apparatus according to claim 1, further comprising
cooling means mounted on the bottom of said deflection
MIrror.

6. An apparatus according to claim 1, wherein said
deflection mirror is disposed at a position satisfying a
relation:

D>L>d/(tan d1+tan 2)

where L is the distance from the mask to an edge of said
deflection mirror closer to the path of X-rays reflected by the
mask, D is the distance between the mask and the wafer, d
is the width of irradiation of the X-rays upon the mask, 61
is the incidence angle of X-rays at an edge of the irradiation
width d, and 32 is the incidence angle of X-rays at the other
edge thereof.

7. An apparatus according to claim 1, wherein said
deflection mirror is disposed at a position satisfying a
relation:

D>L>d/{tan (6-¢1)+tan (6-¢2)}

where L is the distance from the mask to an edge of said
deflection mirror closer to the path of X-rays reflected by the
mask, D is the distance between the mask and the wafer, d
is the width of irradiation of the X-rays upon the mask, 0 is
the incidence angle of the optical axis of X-rays upon the
mask, ¢1 is the half angle of an angular aperture of an
illumination optical system, and ¢2 is the incidence angle of
an angular aperture of an exposure optical system.

8. An apparatus according to claim 1, wherein said
deflection mirror is disposed at a position satisfying a
relation:

D>L>{ax(sin y+cos yxtan d1)+d}/{tan dl+tan &2}

where L is the distance from the mask to an edge of said
deflection mirror closer to the path of X-rays reflected by the
mask, D is the distance between the mask and the wafer, a
is the distance from the edge of said deflection mirror,
functioning as a reference for the distance L, to the X-ray
reflection region, y is the angle defined between the reflec-
tion surface of said deflection mirror and a normal to the
mask, d is the width of irradiation of the X-rays upon the
mask, 91 is the incidence angle of X-rays at one edge of the
irradiation width d, and 62 is the incidence angle of X-rays
at the other edge thereof.

9. An apparatus according to claim 1, wherein said
deflection mirror is disposed at a position satisfying a
relation:
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D>L>{ax[sin y+cos yxtan(0-¢2)]+d}/{tan(0-¢1)+tan(0-¢2)}

where L is the distance from the mask to an edge of said
deflection mirror closer to the path of X-rays reflected by the
mask, D is the distance between the mask and the wafer, a
is the distance from the edge of said deflection mirror,
functioning as a reference for the distance L, to the X-ray
reflection region, v is the angle defined between the reflec-
tion surface of said deflection mirror and a normal to the
mask, d is the width of irradiation of the X-rays upon the
mask, 0 is the incidence angle of an optical axis of X-rays
onto the mask, ¢1 is the half angle of an angular aperture of
an illumination optical system, and ¢2 is the half angle of an
angular aperture of an exposure optical system.

10. An apparatus according to claim 1, wherein said
deflection mirror is disposed so as to deflect X-rays pro-
jected thereto in a direction intersecting the optical path of
said X-ray reduction projection optical system.

11. An apparatus according to claim 1, wherein said
deflection mirror comprises a flat mirror.

12. An apparatus according to claim 1, wherein the
wavelength of the X-rays is within a range of about four
nanometers to about twenty nanometers.

13. An apparatus according to claim 1, wherein the
incidence angle of an optical axis of the X-rays upon the
mask is at most four degrees.

14. An apparatus according to claim 1, wherein said X-ray
reduction projection optical system comprises a plurality of
mirrors, each having one of a convex surface and a concave
surface, with a multilayered film reflector formed thereon.

15. An apparatus according to claim 1, wherein the mask
has a multilayered reflective portion effective to define the
mask pattern.
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16. An apparatus according to claim 3, wherein said
operation means controls said stages so that the mask and the
wafer are relatively scanned at an appropriate speed ratio,
which is related to the reduced scale of said X-ray reduction
projection optical system.

17. An apparatus according to claim 10, wherein an acute
angle is defined between a normal to the mask and the
surface of said deflection mirror.

18. An apparatus according to claim 1, wherein said X-ray
reduction projection optical system comprises mirrors of an
even number.

19. An apparatus according to claim 1, wherein the mask
and the wafer are placed substantially parallel to each other.

20. A device manufacturing method for producing a
microdevice, said method comprising the steps of:

illuminating a mask pattern of a reflection type mask with
X-rays, using an X-ray illuminating optical system
having a curved mirror and a deflection mirror, said
illuminating step comprising reflecting, by the deflec-
tion mirror, the X-rays from the curved mirror at a
position before the reflection type mask, and directing
them toward the reflection type mask; and

projecting, in a reduced scale, the mask pattern onto a
wafer disposed so that a surface thereof to be illumi-
nated is opposed to a reflection surface of the mask,

wherein said X-ray reduction projection optical system
and said deflection mirror are disposed in a space
between the surface of the wafer to be exposed and the
reflection surface of the mask.
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